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Abstract
Summary We assessed the safety and feasibility of a unified conservative treatment protocol for osteoporotic vertebral fractures
in the elderly patients with a 24-week follow-up. Our results showed that initial hospitalization with rigorous bed rest followed by
a rehabilitation program using a Jewett brace was safe and feasible in managing patients.
Purpose The purpose of this study was to prove the safety and feasibility of a unified conservative treatment protocol, which
included initial hospitalization with rigorous bed rest followed by a rehabilitation program with Jewett brace for osteoporotic
vertebral fractures (OVFs) in the elderly patients with a 24-week follow-up.
Methods Between April 2012 and Mach 2015, one hundred fifty-four patients met the eligibility for this study. Radiological
findings at the 3-week, 6~8-week, 24-week assessment were evaluated. Among these, 11 patients underwent early surgery within
the first 2 weeks after admission and 19 patients lost follow-up. Therefore, 124 patients were assessed at the final follow-up visit.
Results The average vertebral instability in all the present series was 4.9 ± 4.8° at 3-week, 2.9 ± 3.5° at 6~8-week, and 1.8 ± 3.0°
at 24-week follow-up visit. Delayed union was observed in 16 patients on the 24-week follow-up visit. Therefore, the present
conservative treatment protocol resulted in bony union in 98 out of 124 patients (79.0%, per protocol set analysis) and 98 out of
154 patients including drop-out (63.6%, intention-to-treat analysis). There was no severe adverse event related to initial bed rest.
The vertebral instability at 3-week assessment was significantly higher in the delayed union group when compared with that in
the union group. Univariate analyses followed by multivariate logistic regression analysis revealed that T2-weighted image of
confined high intensity on MRI and having more than 5° of vertebral instability on dynamic X-ray at 3-week assessment are the
independent risk factors for delayed union of conservative treatment in the present series.
Conclusions Our results showed that initial hospitalization with rigorous bed rest followed by a rehabilitation program using a
Jewett brace was safe and feasible. Therefore, the present conservative treatment protocol can be one of the acceptable treatment
options in managing OVF patients.
Keywords Osteoporotic vertebral fracture . Elderly . Bed rest . Conservative treatment
Introduction
Osteoporotic vertebral fractures (OVFs) are a well-known dis-
ease with common occurrence in elderly patients. OVF is
conventionally treated with conservative management, com-
prising bed rest, analgesic therapy, and wearing orthosis [6, 9,
10, 12–14, 16, 18]. Current treatment for the majority of el-
derly patients with an OVF is an out-patient in the world. The
patients in the majority seem to lead to a successful resolution
of symptoms. When bone union is not achieved within
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6 months, patients continue to have intractable pain and a risk
of developing neurological deficits due to spinal instability
related to the delayed-/non-union [7, 11, 23, 24]. A recent
prospective multicenter study showed that conservative treat-
ment for elderly patients with OVFs carries a risk of delayed
union and non-union of 13.5% [23]. They revealed that pres-
ence of the middle column injury and some of intensity chang-
es on T2-weighted magnetic resonance images (MRI) were
significant risk factors of delayed-/non-union. However, a
standardized conservative management for OVFs has not
been established. Kishikawa [13] reported that initial bed rest
for 2 weeks plays an important role in preventing vertebral
collapse and reducing pain in elderly patients with OVFs dur-
ing short-time follow-up; however, their report lacks longer
follow-up results. In addition, there is no report on conserva-
tive treatment for OVFs to prevent delayed paralysis due to
non-union (pseudarthrosis) of the fractured vertebra.
For the very first step to prove the efficacy of the present
conservative treatment protocol, we perform one arm feasibility
study. The purpose of this study was to prove the safety and
feasibility of a unified conservative treatment protocol, which
included initial hospitalization with rigorous bed rest in 2 weeks
followed by a rehabilitation program with a Jewett brace for
OVFs in the elderly patients with a 24-week follow-up.
Methods
This is a prospective single-centered, cohort study to assess
the safety and feasibility of the present conservative treatment
protocol for OVFs in elderly patients in Japan.
The inclusion criteria were (1) age of 60 years or older, (2)
the presence of acute onset back and/or low back pain due to
single-level vertebral fracture caused by minor or non-
traumatic events, and (3) agreement for admission to treat
back pain. Inclusion criterion (2) was set because Japanese
national survey revealed that OVFs were increased in popula-
tion over 60 years old [8]. The exclusion criteria were patho-
logical fracture due to malignancy, being non-ambulatory be-
fore the onset of the fracture, severe dementing disorder to
impede bed rest, and refusal of admission to treat back pain.
The present conservative treatment protocol was as fol-
lows: all patients with the suspicion or the diagnosis of OVF
were admitted. The fractures were confirmed by MRI, com-
puted tomography (CT) scan, and dynamic X-ray in standing
and supine position [19]. From these imaging examinations,
patients with definitive diagnosis of OVFwere forbidden to sit
up even for dietary intake and evacuation during the initial
2 weeks [13]. All patients were instructed to lie down with
the lateral position on bed. Patients were allowed about rolling
over to semi-Fowler position on 20~30° of head elevation to
keep the patient’s kyphosis, so that the patients’ back fit well
alongside to the surface of the bed. Following the
confirmation of decrement of their back and/or low back pain,
which was assessed with at least 50% decrement of back pain
evaluated with visual analogue scale (VAS), 2 weeks after
hospitalization, they were allowed to get out of bed for reha-
bilitation program, which mainly includes standing up, walk-
ing, muscle training of lower extremities, wearing a ready-to-
use Jewett brace (Kobayashi medical, Shimane, Japan), which
restricts lumbar flexion and could be worn even if the patients
had severe thoracolumbar kyphosis. All the patients were
instructed to wear the orthosis for 12 to 24 weeks until the
pain and the vertebral instability disappeared. The patients
were allowed to take non-steroidal anti-inflammatory drugs
according to the severity of pain. The present study was per-
formed to prove the feasibility of the present conservative
therapy protocol, because there was no consensus on the du-
ration of bed rest, optimal rehabilitation program, and timing
of initiation of rehabilitation for OVFs [15, 20].
Between April 2012 and Mach 2015, 186 consecutive pa-
tients of OVFs were considered as candidates for the present
protocol. Thirty-two patients were excluded from the present
protocol. Of these, 20 patients had severe medical condition to
treat preferentially. Ten patients were impossible to apply bed rest
because of their dementing disorder. Two patients transferred to
another hospital. As a result, 154 patientsmet the eligibility of the
present protocol. Among these, 11 patients underwent early sur-
gery within the first 2 weeks after admission and 19 patients lost
follow-up for 6~8-week and/or 24-week assessment. Therefore
124 patients including 18 males and 106 females were assessed
for final follow-up results (Fig. 1). The improvement of back/low
back pain and dynamic X-ray was assessed 3 weeks, 6~8 weeks,
and 24 weeks after enrollment.
Radiological evaluations
The vertebral instability was calculated as the subtraction of
the vertebral wedging angle, which was the angle between the
superior and the inferior endplates, of standing from supine
position (Fig. 2). The dynamic X-ray in this study had consis-
tency between measures at baseline and 24-week assessment;
CT scan was used for precise evaluation of vertebral fractures
including middle and posterior column of the vertebrae. T2-
weighted intensity changes in the MRI of the fractured verte-
bra were divided into five types including diffuse low, diffuse
high, confined low, confined high, and no intensity change
according to Tsujio’s report [23].
Twenty-four weeks after enrollment, vertebral instability
within 5° was defined as union, because 5° was roughly de-
tectable vertebral instability using dynamic X-ray by two ob-
servers in our preliminary study (n = 50). A cutoff value of 5°
was 98% of sensitivity and 98% of specificity. Delayed union
was defined as vertebral instability of more than 5° and/or the
detection of intra-vertebral cleft on the lateral X-ray in supine
position [11].
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Outcome measures
In the present study, patients with OVFs defined as delayed
union at 24-week assessment were followed over 6 months
whether delayed paralysis occurs or not. Complications and
length of hospital stay were also assessed.
Ambulatory status before the onset of back pain, which
was self-reported by patients with the ambulatory status
1 month before admission, at the discharge from our insti-
tution and at 24-week follow-up visit was assessed accord-
ing to the functional mobility scale with walking distance
of 50 m, which was classified into six levels as follows:
level 1, wheelchair; level 2, use of regular front or reverse
walker; level 3, walk with crutches without help; level 4,
one crutch or 1–2 canes/poles/walking sticks; level 5, in-
dependent walking on level surface; level 6, independent
walking and running on all surfaces [4]. We defined pa-
tients with ambulatory status from level 3 to 6 as Bindepen-
dent^ and patients with ambulatory status levels 1 and 2 as
Bdependent.^
Complications during the hospitalization were collected
from clinical records.
Statistical analyses
Overall ratio of bony union was analyzed by two different
strategies of analyses, in both 154 patients who met eligibility
criteria (intention to treat; ITT) and 124 patients excluded
early surgery cases and drop-out (per-protocol-set; PPS).
The patients with final 24-week follow-up data (PPS) were
divided into two groups that comprised the union group and
the delayed union group. Clinical outcomes and radiological
findings were compared between both groups. The differences
between the two groups of 3-week, 6~8-week, and 24-week
results were assessed using the Student’s t test, Wilcoxon rank
sum test for continuous variables, or the χ2 test for categorical
variables. A p value of less than 0.05 was considered statisti-
cally significant.
To clarify the risk factors for delayed union of the present
conservative treatment protocol, statistical analyses were per-
formed. Correlation between delayed union and all the factors
possibly related to the delayed-/non-union including age, sex,
body mass index, history of trauma, initial leg pain, visit by
ambulance, previous osteoporosis medication, past OVF his-
tory, and use of steroids was assessed with univariate analyses,
a° b°
standing position supine position 
b°a°
vertebral wedging angle vertebral wedging angleFig. 2 Defining vertebral
instability. It was calculated as the
difference (absolute value) of the
vertebral wedging angle between
standing (a) and supine (b)
position. The difference in the
angle formed by drawing a
perpendicular line along the
superior and inferior endplates of
the fractured vertebra and
measuring the intersection
looking at the difference between
this measurement in a supine
position and a standing position
Fig. 1 Flow diagram for patient
enrollment and follow-up of the
186 OVF patients admitted, 32
patients were excluded. Therefore
154 patients were included to this
study. Among them, 11 patients
underwent early surgery within
first 2 weeks after admission and
19 patients lost follow-up for 6~8-
week and/or 24-week assessment.
Finally, 124 patients were
analyzed at 24-week follow-up
visit
Arch Osteoporos (2018) 13: 134 Page 3 of 7 134
and factors that showed a p value of less than 0.1 were selected
for further analyses. Next, the selected factors were served for
logistic regression analyses using a stepwise method to deter-
mine which independent factors were significantly associated
with delayed union of the present conservative treatment pro-
tocol. Values are expressed as mean ± standard deviation
(SD). Odd ratio (OR) for the incidence of failure and the
95% confidence intervals (CI) were calculated as an approxi-
mation of the relative risk estimates. All statistical analyses
were conducted using SPSS software for Windows (version
10.0; SPSS, Inc., Chicago, IL).
Results
In the present series, the mean age was 81.2 years (range, 60–
98 years). The follow-up rate was 80.5%. One hundred ten pa-
tients (71.4%) were diagnosed within 2 weeks, 13 patients
(8.4%) were within 2 months, and 1 patient (0.6%) was diag-
nosed over 2months after the onset of their back and/or low back
pain. Sixty-eight patients (44.2%) had history of trauma includ-
ing falling as the onset of back pain. On admission, 46 patients
(30.0%) were ambulatory and 78 patients (50.6%) were visited
with emergency ambulance. Thirty-four patients (22.1%) had
been treated with bisphosphonates and 2 patients (1.2%) with
selective estrogen receptor modulator as a medication for osteo-
porosis. None had been treated with both parathyroid hormone
and anti-RANKLantibody preparation on admission. In the pres-
ent study, the medication prescribed kept through the 24-week
assessment. Twenty-eight patients (18.2%) had past OVF history.
The mean number of previous fractures was 2.2. Seven patients
(4.5%)made use steroids because of their medical condition. The
t score of bone mineral density (g/cm2) was 0.829 ± 0.202 in the
spine, 0.625 ± 0.129 in the right femoral neck, and 0.639 ± 0.155
in the left femoral neck, respectively. Twenty patients (13.0%)
had dementia, which did not prevent their inclusion into the
present series because they tolerated well the rigorous bed rest
for 2 weeks. The patients’ demographic data was shown in
Table 1.
The affected vertebrae were T4, T5, and T8 in 1 patient;
T10 in 7 patients; T11 in 18 patients; T12 in 19 patients; L1 in
35 patients; L2 in 21 patients; L3 in 7 patients; L4 in 11
patients; and L5 in 3 patients (Fig. 3). Delayed union was
observed in 16 patients on the 24-week follow-up visit.
Therefore, the present conservative treatment protocol result-
ed in bony union in 98 out of 124 patients (79.0%, PPS anal-
ysis) and 98 out of 154 patients including surgical cases and
drop-out (63.6%, ITTanalysis). However, the 16 patients with
delayed union were treated conservatively with prolonged
bracing for 6 to 12 months after the present study protocol.
Finally, 14 out of these patients who did not exhibit bone
union at 24-week assessment had progressed to exhibit bone
union 1-year follow-up. In the surgical intervention group, 7
patients were treated with Balloon Kyphoplasty (BKP) and 3
patients were treated with posterior pedicle screw fixation
combined with vertebroplasty using auto bone grafting to re-
duce not only the intra- but also inter-vertebral instability.
These results were shown in Table 2. Only one patient who
was treated with BKP had repeated surgery because of cement
instability [17]. They had no subsequent vertebral fracture
after surgery [1].
In all the patients (PPS analysis), the vertebral instability was
measured in standing vs supine position from 3-week to final
follow-up assessment. Initial dynamic X-ray evaluation could
not be performed in a half of these, because of their intractable
pain. Approximately a half of initial dynamic X-ray evaluation
was performed in sitting and supine position because patients
could not stand due to pain. The average vertebral instability in
the present series was 4.9 ± 4.8° at 3-week, 2.9 ± 3.5° at 6–8-
week, and 1.8 ± 3.0° at 24-week follow-up visit. Therefore, the
evaluation of sagittal alignment of the lumbar spine was not
included because initial whole X-rays were not taken in the
present study [5]. Six patients who had vertebral fracture (at
0
5
10
15
20
25
30
35
40
T4 T5 T8 T10 T11 T12 L1 L2 L3 L4 L5
surgical intervention
delayed union
union
patients
Fig. 3 Clinical outcomes at 24-week assessment according to the affected
levels (n = 124). All patients had vertebral fracture at a single level. Six
patients had leg pain due to vertebral fractures and its instability at L2 in 1
patient, L4 in 4 patients, and L5 in 1 patient. Osteoporotic vertebral
fracture and delayed union mainly occurred at thoracolumbar levels
(T11-L1) in 73 patients (58.9%) and 12 patients (75%), respectively
Table 1 Demographic data of patients with osteoporotic vertebral
fractures (n = 154)
Sex (male: female) 22: 132
History of trauma 68 (44.2%)
Leg pain 7 (4.5%)
Visit by ambulance 46 (30.0%)
Previous osteoporosis medication 34 (22.1%)
Past history of OVF 28 (18.2%)
Use of steroids 7 (4.5%)
Dementing disorder 13 (13.0%)
Lost to follow-up (drop-out) 19 (12.3%)
OVF, osteoporotic vertebral fracture
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L2, L4, and L5) and complained leg pain improved their symp-
toms during initial 2-week bed rest. No patients exhibited neu-
rological deficits. In the union group, the vertebral instability
was 4.1 ± 4.3° at 3-week, 2.3 ± 2.8° at 6–8-week, and 1.2 ± 2.5°
at 24-week assessment. In the delayed union group, the verte-
bral instability was 9.6 ± 4.9° at 3-week, 6.8 ± 4.6° at 6–8-
week, and 4.9 ± 3.5° at 24-week assessment. The vertebral in-
stability at 3-week, 6~8-week, and 24-week assessment was
significantly higher in the delayed union group when compared
with that in the union group (p < 0.05). According to CT scans,
49 of 124 patients (39.5%) exhibited middle column injury of
the fractured vertebra. In this study, the middle column injury
was not correlated with bone union at 24-week assessment
(Table 3). T2-weighted MRI image showed confined low-
intensity lesions in 56 patients (45.2%), diffuse low-intensity
lesions in 23 patients (18.5%), confined high-intensity lesions
in 25 patients (20.2%), diffuse high-intensity lesions in 3 pa-
tients (2.4%), and no intensity change in 5 patients (4%).
Body mass index, history of trauma, vertebral instability,
and T2-weighted image of confined high intensity on MRI
showed p value of less than 0.1 in the univariate analyses, then
those factors were served for logistic regression analyses using
a stepwise method to determine which independent factors
were significantly associated with delayed union. Multivariate
logistic regression analyses revealed that T2-weighted image of
confined high intensity onMRI (OR, 4.2; 95%CI, 2.0–8.8; p =
0.0001) and having more than 5° of vertebral instability on
dynamic X-ray at 3-week assessment (OR = 1.3, 95% CI =
1.0–1.4, p = 0.0002) are the independent risk factors for de-
layed union after conservative treatment in the present series.
The ambulatory status before injury was classified as level
1 in 6 patients, level 2 in 24 patients, level 3 in 4 patients, level
4 in 21 patients, and level 5 in 59 patients according to the
functional mobility scale. Only 2 patients lost the ambulance
because of their dementing disorder. The independent and
dependent ambulatory status on admission was seen in 84
and 30 patients, respectively. The independent and dependent
ambulatory status on both at discharge from our institution
and 24-week follow-up visit was seen in 66 and 48 patients,
respectively. The number of patients with dependent ambula-
tory status was significantly increased after OVFs (p = 0.012).
However, there was no difference between the union group
and the delayed union group.
The length of stay in hospital was a mean of 54 ± 29 days.
A 2-week plus hospital stay was within 2 weeks in 25 patients
(21.9%), 2~4 weeks in 41 patients (40%), and over 4 weeks in
48 patients (42.1%), respectively. The mean stay in hospital of
the union group and the delayed union group was 52.2 ±
28.1 days and 64.4 ± 32.9 days, showing no statistical differ-
ence between both groups. Further investigation would be
warranted to estimate the cost of a 2 week plus stay in hospital
for bed rest versus out-patient management [1, 17].
As for complications, urinary tract infection was recorded
in 10 patients, pneumonia was recorded in 5 patients, and ileus
was recorded in 1 patient during initial hospitalization. There
was no difference in the occurrence of complications between
the union group and the delayed union group. Severe life-
threatening complications possibly related to bed rest includ-
ing deep vein thrombosis and pulmonary embolism did not
occur in the present series. There was no patient showing
delayed paralysis in this study.
Table 2 Surgical intervention group (n = 10)
Days after admission Mean 39.6 days (28~80 days)
Vertebral instability Mean 10.8°(5.7~17.7°)
MRI (T2-weighted intensity)
Confined high 6 cases
Confined low 2 cases
Diffuse low 2 cases
Middle column injury (CT)
+ 8 cases
− 2 cases
Surgeries
BKP 7 cases
VP + PLF 3 cases
Ambulatory status
Improve 1 case
Worsen 3 cases
No change 6 cases
BKP, Balloon Kyphoplasty; VP, vertebroplasty; PLF, posterolateral
fusion
Table 3 Risk factors for failure of conservative treatment of
osteoporotic vertebral fractures
Univariate analysis p value (#: p < 0.1)
Age 0.15
Sex 0.7
BMI 0.097
History of trauma 0.026#
Leg pain 0.85
Visit by ambulance 0.89
Previous osteoporosis medication 0.45
Past OVF history 0.56
Use of steroids 0.55
Vertebral instability on X-ray 0.0002#
T2WI confined high on MRI 0.0001#
Middle column injury on CT 0.25
Stepwise logistic regression p value (*: p < 0.05)
History of trauma 0.096
Vertebral instability (X-ray) 0.0024*
T2WI confined high (MRI) 0.0016*
BMI, body mass index; CT, computed tomography; MRI, magnetic reso-
nance imaging; T2WI, T2-weighted images
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Discussion
The present results showed that initial hospitalization with rig-
orous bed rest followed by rehabilitation program with a Jewett
orthosis was accomplished in 86.7% of patients (124 out of 143
patients, ITT analysis) with OVFs without severe adverse
events related to bed rest. Bone union was achieved in 80%
of patients (98 out of 124 patients, PPS analysis) at 24-week
assessment with the present conservative treatment protocol,
whereas 16 out of 124 cases (14%) resulted in delayed union.
Tsujio reported that the confined high-intensity lesions on
MRI T2-weighted images of fractured vertebra were a risk
factor of the non-union [23], which agrees with our findings.
The X-ray finding of vertebral instability and confined high-
intensity lesions onMRI T2-weighted images indicate the loss
of continuity of trabecular structure of the part of the fractured
vertebra, possibly affecting bony union.
Delayed union should be avoided because it might cause
intractable low back/lower extremity pain and delayed paresis,
possibly requiring reconstructive spine surgery [21, 22],
which could be too invasive for elderly patients with various
comorbidities. In the present study, 24 patients (24.5%) in the
union group were discharged within 30 days on admission,
whereas only 1 patient (6.3%) was discharged within same
periods. Further investigation would be warranted to estimate
the cost of a 2-week plus stay in the hospital for bed rest versus
out-patient management. Delayed union patients required
prolonged conservative treatment with Jewett orthosis for ad-
ditional 6 months. At present, there is no definitive conclusion
about the optimal treatment for delayed union, even though
most of the delayed union patients showed bone union 1 year
after enrollment to the present study. Further exploration is
needed to elucidate this issue.
The incidence of pseudarthrosis had been reported as 14 to
34.8% in the previous reports [9, 24]. Hoshino reported that the
difference of initial treatment including brace type, hospitaliza-
tion, and administration of bisphosphonates, and painkillers did
not affect activities of daily living, pain, cognitive ability, or
vertebral collapse at 6 months after the onset of OVFs in a mul-
ticenter study including 363 patients [9] and they also reported
that the incidence of pseudarthrosis 6months after onset of OVFs
was 14%. Wu reported that OVFs with middle column injury
exhibited significantly higher incidence of pseudarthrosis when
compared with that of patients with anterior column injury alone
[24]. It is impossible to directly compare the incidence of
pseudarthrosis in those previous studies and in the present study
because there is significant variation in the conservative treat-
ment protocol and in the definitions of pseudarthrosis, delayed
union, and failure of conservative treatment. The efficacy of
brace application for the treatment of OVFs also remains unclear.
The quality of studies examining the effectiveness of orthosis for
the management of OVFs is generally limited [6, 12, 18]. Kim
reported that the Oswestry Disability Index scores for the
treatment of OVFs without a brace were not inferior to those
with soft or rigid braces. Moreover, the improvement in back
pain and progression of anterior body compression were similar
among them in their randomized controlled study [12]. In addi-
tion, clinical outcomes seemed to be good in terms of preventing
delayed paralysis due to non-union (pseudoarthrosis) of the frac-
tured vertebra. The present conservative treatment protocol has
several possible benefits for OVFs in elderly patients. Rigorous
bed rest at an early phase of OVFs might reduce not only the
progression of vertebral collapse [12] but also the onset of de-
layed paralysis [2, 21, 22]. However, the design of the present
study was not a comparative study; we could not conclude the
effect of rigorous bed rest on OVF. Next, optimal timing of
surgical intervention could be determined by the patients’ re-
sponse to the initial rigorous bed rest. In the present series, all
the patients who required surgery due to their intractable back/
lower limb pain underwent surgery just after the initial bed rest
for 2 weeks. The surgical indication for patients who underwent
early surgery was mainly based on the patients’ complaint not by
true medical indication (e.g., progression of paralysis). We con-
sider the present conservative treatment protocol as one of the
screening tools to determine indication of VP/BKP [3], which is
highly effective to reduce intractable pain in most OVF patients.
However, we had no data about the cost-effectiveness in both
outpatients and inpatients with rigorous bed rest. Further explo-
ration is needed to elucidate the cost-effectiveness of the present
protocol.
As for adverse events, it is an important concern that com-
plications related to bed rest might increase if a rigorous bed
rest is applied to the elderly population. That concern is one of
the causes for the recommendation of early surgical interven-
tion for OVFs in elderly. Contrary to our expectation, there
was no apparent increase of severe adverse events related to
bed rest in the present series. Sixteen patients (12.9%) had
complications including urinary tract infection in 10 patients,
pneumonia in 5 patients, and ileus in 1 patient. Whether those
complications were caused by loss of their activity before
admission or by bed rest is unclear. However, these complica-
tions were treated with antibiotics conservatively during initial
hospitalization. The other possible adverse effects caused by
bed rest are sarcopenia and functional decline. There are few
reports on the factors associating with impairment of ambula-
tory status of patients with OVFs. Yagi [25] reported that the
frequency of ambulatory status decline related to conservative
therapy without initial rigorous bed rest was approximately 20
out of 60 patients (33%). Therefore our present data about the
functional decline is not inferior to the previous ones. As for
sarcopenia, unfortunately, we did not assess the muscle vol-
ume in the present study. Future investigation is needed to
prove the influence of bed rest on muscle volume. Together
with the fact that there was no patient showing delayed palsy
in the present series, we thought that bed rest in the elderly
patients have a potential benefit to avoid delayed-/non-union
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requiring invasive reconstructive spine surgery. The optimal
duration of bed rest, optimal rehabilitation methods, and opti-
mal initiation of rehabilitation should be determined by further
investigation with control arms.
The present study was conducted in Japan, of which coun-
try that the cost for hospitalization is cheaper than that in the
other country such as the USA because of the nationwide
coverage by the national health insurance system in Japan.
Therefore, the hurdle for hospitalization is much lower and
the length of hospital stay can be longer in Japan compared
with the other countries. The possibility that the specific in-
surance system in Japan might have influence to the present
result should be kept in mind to interpret the present result.
Conclusions
Our results showed that initial hospitalization with rigorous
bed rest followed by a rehabilitation program using a Jewett
brace was safe and feasible in managing patients with OVFs
without severe adverse events related to bed rest.
Compliance with ethical standards
Conflict of interest None.
Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
References
1. Ann Y, Lee JH, Lee HY, Lee SH, Keem SH (2008) Predictive
factors for subsequent vertebral fracture after percutaneous
vertebroplasty. J Neurosurg Spine 9:129–136
2. Ataka H, Tanno T, Yamazaki M (2009) Posterior instrumented fu-
sionwithout neural decompression for incomplete neurological def-
icits following vertebral collapse in the osteoporotic thoracolumbar
spine. Eur Spine J 18:69–76
3. Farrokhi MR, Alibai E, Maghami Z (2011) Randomized controlled
trial of percutaneous vertebroplasty versus optimal medical man-
agement for the relief of pain and disability in acute osteoporotic
vertebral compression fractures. J Neurosurg Spine 14:561–569
4. Graham HK, Harvey A, Rodda J, Nattrass GR, Pirpiris M (2004)
The functional mobility scale (FMS). J Pediatr Orthop 24:514–520
5. Glassman SD, Bridwell K, Dimer JR, HortonW, Berven S, Schwab
F (2005) The impact of positive sagittal balance in adult spinal
deformity. Spine 30:2024–2029
6. Goodwin VA, Hall AJ, Rogers E, Bethel A (2016) Orthotics and
taping in the management of vertebral fractures in people with
osteoporosis: a systematic review. BMJ Open 6:e010657. https://
doi.org/10.1136/bmjopen-2015-010657
7. Hasegawa H, Homma T, Uchiyama S, Takahashi H (1998)
Vertebral pseudarthrosis in the osteoporotic spine. Spine 23:
2201–2206
8. Hagino H (2012) Locomotive syndrome and frailty. Osteoporosis
as an underlying disorder in the locomotive syndrome. Clin
Calcium 22:41–48
9. Hoshino M, Nakamura H, Terai H, Tsujio T, Nabeta M, Namikawa
T, Matsumura A, Suzuki A, Takayama K, Takaoka K (2009)
Factors affecting neurological deficits and intractable back pain in
patients with insufficient bone union following osteoporotic verte-
bral fracture. Eur Spine J 18:1279–1286
10. HoshinoM, Tsujio T, Terai H, Namikawa T, KatoM,MatsumuraA,
Suzuki A, Takayama K, Takaoka K, Nakamura H (2013) Impact of
initial conservative treatment interventions on the outcomes of pa-
tients with osteoporotic vertebral fractures. Spine 38:E641–E648
11. Kim DY, Lee SH, Jang JS, Chung SK, Lee HY (2004)
Intravertebral vacuum phenomenon in osteoporotic compression
fracture: report of 67 cases with quantitative evaluation of
intravertebral instability. J Neurosurg 100:24–41
12. Kim HJ, Yi JM, Cho HY, Chang BS, Lee CK, Kim JH, Yeom JS
(2014) Comparative study of the treatment outcomes of osteoporot-
ic compression fractures without neurologic injury using a rigid
brace, a soft brace, and no brace: a prospective randomized con-
trolled non-inferiority trial. J Bone Joint Surg 96:1959–1966
13. Kishikawa Y (2012) Initial non-weight-bearing therapy is impor-
tant for preventing vertebral body collapse in elderly patients with
clinical vertebral fractures. Int J Gen Med 5:373–380
14. Lungo UG, Loppini M, Denaro L, Maffulli N, Denaro V (2012)
Conservative management of patients with an osteoporotic verte-
bral fracture: a review of the literature. J Bone Joint Surg Br 94:
152–157
15. McGuire R (2011) AAOS clinical practice guideline: the treatment
of symptomatic osteoporotic spinal compression fractures. J Am
Acad Orthop Surg 19:183–184
16. Murata K, Watanabe G, Kawaguchi S, Kanaya K, Horigome K,
Yajima H, Morita T, Yamashita T (2012) Union rates and prognos-
tic variables of osteoporotic vertebral fractures treated with a rigid
external support. J Neurosurg Spine 17:469–475
17. Nagad P, Rawall S, Kundnani V,MohanK, Patil SS, NeneA (2012)
Postvertebroplasty instability. J Neurosurg Spine 16:387–393
18. Newman M, Minns LC, Barker K (2016) Spinal orthoses for ver-
tebral osteoporosis and osteoporotic vertebral fracture: a systematic
review. Arch Phys Med Rehabil 97:1013–1025. https://doi.org/10.
1016/j.apmr.2015.10.108
19. Niimi R, Kono T, Nishida A, Hasegawa M, Matsumine A, Kono T,
Sudo A (2014) Efficacy of the dynamic radiographs for diagnosing
acute osteoporotic vertebral fractures. Osteoporos Int 25:605–612
20. Parreira PCS, Meher CG, Megale RZ, March L, Ferreiara ML
(2017) An overview of clinical guidelines for the management of
vertebral compression fracture: a systematic view. The Spine J 17:
1932–1938
21. Saita K, Hoshino Y, Kikkawa I, Nakamura H (2000) Posterior spi-
nal shortening for paraplegia after vertebral collapse caused by os-
teoporosis. Spine 25:2832–2835
22. Suk SO, Kim JH, Lee SM, Chung ER, Lee JH (2003) Anterior-
posterior surgery versus posterior closing wedge osteotomy in post-
traumatic kyphosis with neurologic compromised osteoporotic frac-
ture. Spine 28:2170–2175
23. Tsujio T, Nakamura H, Terai H, Hoshino M, Namikawa T,
Matsumura A, Kato M, Suzuki A, Takayama K, Fukushima W,
Kondo K, Hirota Y, Takaoka K (2011) Characteristic radiographic
or magnetic resonance images of fresh osteoporotic vertebral frac-
tures predicting potential risk of nonunion. Spine 36:1229–1235
24. Wu CT, Lee SC, Lee ST, Chen JF (2006) Classification of symp-
tomatic osteoporotic compression fractures of the thoracic and lum-
bar spine. J Clin Neurosci 13:31–38
25. Yagi H, Togami K, Suemura M, Tominaga T, Matsushima T, Kido
K (2014) Japanese society occupational medicine. Traumatology
62:179–183
Arch Osteoporos (2018) 13: 134 Page 7 of 7 134
